If the generating mechanism for neutrino mass is to account for both the newly observed muon anomalous magnetic moment as well as the present experimental bounds on lepton flavor nonconservation, then the neutrino mass matrix should be almost degenerate and the underlying physics be observable at future colliders. We illustrate this assertion in two specific examples, and show that Γ(µ → eγ)/m 5 µ , Γ(τ → eγ)/m 5 τ , and Γ(τ → µγ)/m 5 τ are in the ratio (∆m 2 ) 2 sol /2, (∆m 2 ) 2 sol /2, and (∆m 2 ) 2 atm respectively, where the ∆m 2 parameters are those of solar and atmospheric neutrino oscillations and bimaximal mixing has been assumed.
Any mechanism for generating a mass matrix for the three neutrinos ν e , ν µ , and ν τ will have side effects [1] , among which are lepton-flavor violating processes such as µ → eγ, τ → µγ, and µ − e conversion in nuclei, as well as an extra contribution to the muon anomalous magnetic moment [2] . If the scale of this new physics is very high, as in the simplest models of neutrino mass [3, 4] , then these side effects are suppressed by the high scale and are totally negligible phenomenologically. However, if this scale is of order 1 TeV or less, as in two recent proposals [5, 6] , then the exciting possibility exists for all of these effects to be visible in present and future laboratory experiments.
In view of the newly announced measurement [2] of the muon anomalous magnetic moment:
which differs from the standard-model (SM) prediction [7] by 2.6σ:
a relatively large positive new contribution to a µ is needed, hinting thus at possible new physics just above the electroweak scale. One may be tempted to believe that it is due to some new physics which has not appeared anywhere else before. On the other hand, a much better established hint of new physics already exists, i.e. neutrino mass from neutrino oscillations, so it is important to ask the question: Are they related ?
In this paper we assume that the generating mechanism for neutrino mass is responsible for at least a significant part of the deviation shown in Eq. (2) . We show that unless the neutrino mass matrix is almost degenerate, i.e. with 3 nearly equal mass eigenvalues, the a µ measurement is in conflict with the τ → µγ rate. This is because of the nearly maximal ν µ −ν τ mixing for atmospheric neutrino oscillations [8] , as explained below. We study two examples, one of which will be shown to be completely consistent with all other flavor-nonconserving processes as well. We predict the relative decay rates of µ → eγ, τ → eγ, and τ → µγ in terms of neutrino oscillation data, and show that these processes constrain the common neutrino mass scale and the solar neutrino oscillation solution in a very interesting range.
In addition, the underlying new physics should be observable at future collider experiments.
Consider the following mass eigenstates of the 3 active neutrinos:
with masses m 1 ≤ m 2 ≤ m 3 respectively. This choice is dictated by the present knowledge of neutrino data regarding atmospheric [8] and solar [9] neutrino oscillations. Specifically, ν µ − ν τ mixing is assumed to be maximal to explain the atmospheric data (we comment on the effect of small allowed deviations from this assumption later), and ν e mixes with the other two neutrinos with angle θ to account for the solar data. The 3 × 3 Majorana neutrino mass matrix in the (ν e , ν µ , ν τ ) basis is then given by
where s ≡ sin θ and c ≡ cos θ. For θ = π/4, it is known as bimaximal mixing.
In the Higgs triplet model [5] 
which gives (M ν ) ij = 2f ij ξ 0 , and establishes a one-to-one correspondence between the neutrino mass matrix and the interaction terms. The smallness of M ν follows from the smallness of ξ 0 [5] , while the couplings f ij can be large and the triplet mass m ξ can be the order of the electroweak scale. Therefore, it follows from Eq. (7) that the muon g − 2 contribution is proportional to f 2 µe +f 2 µµ +f 2 µτ , whereas the τ → µγ amplitude is proportional
The former is proportional to (m 2 3 + c 2 m 2 2 + s 2 m 2 1 )/2 and the latter to (m 2 3 − c 2 m 2 2 − s 2 m 2 1 )/2. This means that a suppression of the τ → µγ rate (relative to the muon g − 2) is possible only if m 1 ≃ m 2 ≃ m 3 , i.e. a nearly degenerate neutrino mass matrix.
In the leptonic Higgs doublet model [6] , M ν comes from the terms
where η ∼ (2, 1/2) and carries lepton number L = −1, while the singlet fermions N R have L = 0. We assume now that all the heavy N R 's are equal in mass. Hence Eqs. (3) to (6) imply
with m i = 4h 2 i η 0 2 /M. Again, m i is small because η 0 is small [6] , allowing thus h i to be large and M the order of the electroweak scale. In this case, the muon g − 2 contribution is proportional to (m 3 + c 2 m 2 + s 2 m 1 )/2 and the τ → µγ amplitude to (m 3 − c 2 m 2 − s 2 m 1 )/2, again suppressing the latter relative to the former in the limit of degenerate neutrino masses.
In both of the above models, there are large contributions to ∆a µ as well as l i → l j γ coming from the interactions of Eqs. (7) and (8), as shown in Fig. 1 . In the triplet model,
In the limit of a degenerate neutrino mass matrix, i.e. m 1 = m 2 = m 3 = 2f ξ 0 , this implies where α f = f 2 /4π and the 90% confidence-level limit ∆a µ > 215 × 10 −11 has been used [7] .
In the doublet model,
where
Assuming s N i = 1 [which gives F 2 (1) = 1/12] and using Eq. (9) with all h's equal, we then obtain
where α h = h 2 /4π. Comparison of Eq. (11) and Eq. (14) implies that masses below 1 TeV are expected in either model.
The l i → l j γ rate divided by the l i → l j ν iνj rate is given by
where α ≃ 1/137 and G F is the Fermi constant. In the doublet model, the magnetic and electric dipole moment form factors are given by
For τ → µγ,
where m ν is the common mass of the 3 neutrinos. Hence the τ → µγ branching fraction is given by
Suppose we do not have neutrino mass degeneracy, but rather a hierarchical neutrino mass matrix, then (∆m 2 ) atm /m 2 ν would be equal to one, and using Eq. (14), we would obtain B(τ → µγ) > 8.0 × 10 −6 , well above the experimental upper limit of 1.1 × 10 −6 . Note that this result, while presented for a specific model, is actually very general. If ν 3 = cν µ + sν τ , there would be a suppression factor of s 2 /c 2 , but this is not available because atmospheric neutrino data require nearly maximal ν µ − ν τ mixing.
Similarly, the µ → eγ and τ → eγ branching fractions are given by
Hence we have the interesting relationship
The µ − e conversion ratio R µe in nuclei is given by
where q 2 ≃ −m 2 µ and for 13 Al, Z ef f = 11.62, F p = 0.66, and Γ capt = 7.1 × 10 5 s −1 [10, 11] .
The charge-radius form factors are given by
with F 1 (1) = 1/24. In Fig. 2 , using
and assuming the large-angle matter-enhanced solution of solar neutrino oscillations with We note that at m ν = 0.2 eV, B(µ → eγ) is at its present upper limit [12] of 1.2 × 10 −11 .
If m ν > 0.2 eV is desired, then the constraint from the nonobservation of neutrinoless double beta decay [13] requires the m ee element of Eq. (6) to be less than 0.2 eV. This is easily achieved by making m 1 < 0 but keeping m 2,3 > 0, without affecting any of our results presented so far. However, we must then choose the large-angle mixing solution of solar neutrino oscillations, implying the observation of µ → eγ and µ − e Bconversion in the planned experiments with the sensitivities down to 2 × 10 −14 [14] and 2 × 10 −17 [15] respectively. From Fig. 2 we see that an order-of-magnitude improvement of the present τ → µγ bound will also test this specific prediction. Thus B(τ → µγ), neutrinoless double beta decay, B(µ → eγ), and µ−e conversion are all complementary to one another in probing the connection between m ν and ∆a µ .
However, the neutrino mixings need not be exactly bimaximal. Indeed, the mixing element |V e3 | is constrained to be small but may still be nonzero. Obviously the rate B(τ → µγ)
is completely independent of this parameter and our conclusion that neutrinos must be degenerate in mass to explain the observed ∆a µ remains unchanged. However, B(µ → eγ), [5] , but it will have no significant contribution to the muon g − 2.
Doublet model BR m ν [eV]
Since the g − 2 announcement [2] , there have been many papers [17] dealing with its possible explanation. Ours is the only one relating it to another existing hint of new physics, i.e. neutrino mass from neutrino oscillations. A glance at Fig. 2 shows that m ν = 0.2 eV is a very interesting number. It is the present upper limit of a Majorana neutrino mass from neutrinoless double beta decay; it also corresponds to the present upper limits of B(µ → eγ) and µ − e conversion in nuclei. Planned experiments on all three fronts are in progress and will test our proposed connection between m ν and ∆a µ . They will also probe the possibly nonzero neutrino mixing angle V e3 . In addition, the τ → µγ branching fraction is just an order-of-magnitude away, and Eq. (14) implies that the leptonic Higgs doublet (η + , η 0 ) as well as the fermion singlets N iR are not far away from being discovered in future colliders as proposed in Ref. [6] . A neutrino mass of 0.2 eV is also very relevant in cosmology [18] and astrophysics [19] . 
